Introduction
Gastric cancer (GC) is one of the most common types of cancer and the second highest cause of cancer mortality worldwide (1) . A large number of gastric cancer patients are diagnosed once the tumor has metastasized and has reached an advanced stage (2) . Clinicians treat patients using conventional and targeted therapies, but these methods have little therapeutic effect.
A large number of molecular markers are associated with the metastasis of tumors, and one of the most important factors leading to this malignancy is epithelial mesenchymal transition (EMT), which is characterized by the gain of stem cell properties and the promotion of tumor invasion and metastasis (3, 4) . The features of EMT include the loss of the adhesion molecule epithelial-cadherin (E-cadherin) and gain of mesenchymal tissue markers.
The cancer stem cell (CSC) hypothesis has been proposed to explain the pathogenesis of a number of types of cancer (5) . The notable properties of CSCs are their ability for self-renewal and cell proliferation, they can initiate tumor formation, self-renewal, differentiation and cause cancer recurrence and metastasis. Furthermore, CSCs are more chemoresistant and radioresistant than their differentiated, daughter cancer cells, which may be the reason for treatment failure for malignant tumors.
Notch signaling, which serves a pivotal role in cellular differentiation, proliferation and apoptosis, is disrupted in several malignancies and offers a potential target for therapeutic intervention. Abnormal activation of Notch1 signaling has been observed in gastric cancer cells (6) and correlates with colony-forming ability and xenografted tumor growth (7) . Inhibition of Notch1 signaling with a γ-secretase inhibitor resulted in a significant reduction in GBM cell growth in vitro and in vivo (3) . In addition, the Notch1 signaling pathway is also critical in maintaining the characteristics of CSCs and is associated with the self-renewal of various types of CSCs, such as breast and pancreatic cancer (8) . However, the role of Notch1 signaling in gastric CSCs (GCSCs) is not clear.
The present study aimed to examine the role of Notch1 in GCSCs by treating those cells with the γ-secretase inhibitor DAPT. In addition, the role of Notch1 signaling in EMT within GCSCs was investigated. -cells were treated with DMSO or DAPT (10 µM) and were analyzed after 72 h. Animals were treated intraperitoneally with a drug concentration of 10 mg/kg/body weight or with the vehicle (control) once daily for 5 weeks, using a 3-days-on and 4-days-off intermittent-dose schedule, as described previously (9) .
Materials and methods

Cells
Spheroid colony formation assay. Cells were seeded into each well (20 cells per well) of ultra-low-attachment 48-well plates (Beyotime Institute of Biotechnology, Shanghai, China) and supplemented with 300 µl of RPMI-1640 plus 40 ng/ml bFGF and 20 ng/ml EGF (Invitrogen Life Technologies, Carlsbad, CA, USA). After 4 weeks, the total number of spheroid colonies/well were counted.
Cell chemosensitivit y examination. Cells cultured in medium were incubated and treated with 5-f luorouracil (6 m M) (Sigma-Aldrich). After 48 h of exposure to the chemotherapeutic agents, 20 ml of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT, Sigma-Aldrich) solution (0.5 mg/ml) was added for an additional 4 h before 100 ml dimethyl sulfoxide (DMSO, Sigma-Aldrich) was added for 15 min. The plates were then shaken gently for 5 min and measured at 570 nm using a spectrophotometer. A total of 5 wells were assayed for each condition.
Migration and invasion assays. The cells were added to the upper chambers, and the lower chambers were filled with 750 ml of RPMI-1640 media with 10% FBS. The cells were incubated for 24 h at 37˚C in 5% CO 2 . After 24 h, the non-migrated/non-invading cells were removed from the upper sides, and the migrated/invaded cells that were on the lower sides of the inserts were stained. The absorbance of the wells were read at 560 nm using a RF-5301PC fluorescence spectrometer (Shimadzu Corporation, Kyoto, Japan) according to the manufacturer's protocol.
Immunoblotting. Total protein for immunoblots was extracted from cells using RIPA lysis buffer (Beyotime Institute of Biotechnology) according to the manufacturer's instructions. After the protein extracts were quantified using a BCA protein assay, equivalent amounts of lysates were resolved by 10% SDS polyacrylamide gel electrophoresis (Beyotime Institute of Biotechnology) and transferred onto a polyvinylidene fluoride (PVDF) membrane (Beyotime Institute of Biotechnology), which was then blocked in 5% non-fat milk in TBST (Beyotime Institute of Biotechnology) for 1 h at 4˚C. Then the blots were incubated with primary antibodies overnight at 4˚C and washed with PBST 3 times (each time for 5 min), subsequently incubated with HRP-conjugated secondary antibodies for 1 h at room temperature and washed with PBST 3 times (each time for 5 min). The signal was detected using an enhanced chemiluminescence reagent (Millipore, Billerica, MA, USA).
The mouse monoclonal antibodies against GAPDH and Snail were purchased from BD Biosciences (Franklin Lakes, NJ, USA). The rabbit monoclonal antibodies against ZO1 N-cadherin, E-cadherin and Vimentin were purchased from Abcam (Abcam; Cambridge, UK). The monoclonal goat anti-rabbit IgG and goat anti-mouse Horseradish peroxidase (HRP)-conjugated antibodies were purchased from Santa Cruz Biotechnology.
The antibodies were diluted in 5% non-fat milk as follows: anti-Notch1 anti-Snail, 1:500; anti-ZO1, 1:500; anti-GAPDH, 1:500; and HRP-conjugated IgG, 1:7,000.
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Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
RNA was purified from cell lines using RNAiso (Takara Bio, Inc., Otsu, Japan), and cDNA was synthesized using the Synthesis Kit (Takara Bio, Inc.). RT-qPCR was performed using a CFX96 Real-Time PCR Detection System (Bio-Rad Laboratories, Inc., Hercules, CA, USA) with SYBR Histological examination. Tumor tissues were fixed in 10% neutral-buffered formalin and embedded in paraffin and then sectioned and stained with hematoxylin and eosin (HE, Sigma-Aldrich). Histological differences were examinedusing an Optical Microscope (Olympus Corporation, Tokyo, Japan).
Statistical analysis.
All the experiments were repeated 3 times, and the results were analyzed using the SPSS software, version 16.0 (SPSS, Inc., Chicago, IL, USA). Data are presented as the mean ± standard deviation (SD). Group comparisons were performed using the t-test, the nonparametric test and one-way analysis of variance. Differences were considered statistically significant when P<0.05.
Results
CD44
+ cells isolated from the MKN45 cell line display the characteristics of CSCs. Tumors contain a small number of CSCs that have self-renewal and tumor-initiating abilities (10) . In the spheroid colony formation assay, the CD44 + MKN45 cells formed a greater number of spheroids compared with CD44 -MKN45 cells ( Fig. 1A; (Table I) .
Since chemotherapy resistance is a common characteristic of CSCs, the susceptibility of CD44 + and CD44 -MKN45 cells susceptibility to 5-fluorouracil (5-FU) treatments was assessed, which is generally used for the treatment of GC (Fig. 1B) (Fig. 2) . These data demonstrated that the Notch1 signaling pathway was activated in GCSCs. Fig. 6; P<0 .05). However, those changes in migration and chemotherapeutic susceptibility were not observed in CD44 -MKN45 cells (Figs. 5 and 6; P>0.05). These data demonstrated that the γ-secretase inhibitor DAPT suppressed the Notch1 signaling pathway and inhibited the self-renewal, tumor-initiating, migration and invasion abilities and improved chemotherapy susceptibility of CD44 + MKN45 cells.
Intraperitoneal treatment with DAPT effectively inhibited the growth of CD44 + MKN45 cell xenograft tumors. Given the ability of DAPT to inhibit CD44
+ MKN45 cells in vitro, the role of DAPT was tested in a nude mouse model. CD44 + MKN45 cells were subcutaneously injected into the flanks of mice, and intraperitoneal treatment with either DAPT or DMSO was initiated when the tumor volume reached a size of 10 mm 3 . All mice were treated for 5 weeks, using an established, 3-days-on and 4-days-off, intermittent dose schedule (9) . Xenograft tumors grew continuously in vehicle-treated animals, whereas DAPT treatment significantly inhibited tumor growth ( Fig. 7;  P<0 .05).
The γ-secretase inhibitor DAPT prevented epithelial-mesenchymal transition in CD44
+ MKN45 cells. To further explore the molecular mechanism of the inhibition of DAPT on EMT in CSCs, the expression of EMT markers was examined. Western blot analysis demonstrated that the protein expression levels of the epithelial markers E-cadherin and ZO1 were upregulated, and expression of the mesenchymal markers N-cadherin, Vimentin and Snail were downregulated in CD44 + cells that were treated with DAPT compared with cells treated with DMSO. The expression levels of these EMT markers were not changed by DAPT treatin CD44 -MKN45 cells ( Fig. 8; P>0 .05). Altogether, these results indicated that the γ-secretase inhibitor DAPT could impair EMT in CD44 + MKN45 cells (Fig. 8 ).
Discussion
CSCs have been identified in a number of malignancies and are functionally defined by their ability to undergo self-renewal and produce differentiated progeny (11, 12) . CSCs may display certain properties and they may be isolated based on cell surface-marker profiles (13) . CSCs exhibit increased resistance against conventional chemotherapy (14, 15) , and they may initiate tumors at limiting dilu tions in animals (5). A number of previous studies have validated the CSC hypothesis by isolating CSCs from gastric cancer patients, and CD44 has been identified as a surface marker of GCSCs (16) (17) (18) (19) (20) . In the present study, CD44 + MKN45 cells were sorted by FACS. CD44 + cells exhibited increased resistance against chemotherapy and formed a greater number of spheroids in vitro and tumors in vivo, which indicated that CD44 + MKN45 cells possessed properties of CSCs.
Numerous studies have focused specifically on the signaling pathways that may mediate the resistance of CSCs (21, 22) . Notch signaling is involved in the development and progression of several solid tumors (23) . In addition, Notch1 signaling is implicated in the self-renewal of various types of CSCs, including breast cancer, medulloblastoma and pancreatic cancer (8) . Notch1 activation induces up-regulation of Hes1 expression, which dictated cell fate decisions in hematopoietic stem and progenitor cells (24) . In the present study, the role of the Notch signaling pathway was investigated in GCSCs. Gastric cancer cell line MKN45 was derived from gastric cancer metastatic tissue (25) . In addition, Notch1 expression was upregulated in MKN45 cells compared with other cells derived from non-metastatic gastric cancer in our previous studies (26) . Therefore, MKN45 cells were selected for the present study. In the present study, the expression levels of Notch1 and its downstream target Hes1 were higher in CD44 + MKN45 cells compared with CD44 -cells, which is in accordance with previous studies (27) .
The interaction of Notch ligands with their receptors promotes a γ-secretase-dependent cleavage of the Notch receptor and releases the Notch intracellular domain (NICD), which results in activation of the pathway and induces target genes such as Hes1. Therefore, suppressing γ-secretase function with the γ-secretase inhibitor DAPT blocks the Notch signaling pathway (9) . To explore the function of Notch1 signaling, CD44 + and CD44
-cells were treated with DAPT. Hes1 expression was downregulated in CD44 + cells. Meanwhile, the self-renewal, tumor-initiation, migration and invasion abilities of CD44 + cells were inhibited, and chemotherapy susceptibility was improved. Treatment with DAPT resulted in a significant inhibition of gastric CD44 + cells in vivo. However, those phenomena did not appear in CD44 -cells. These data indicate that the Notch1 pathway may contribute to maintaining properties of GCSCs and their ability for migration and invasion.
To explore the molecular mechanisms of DAPT's effect on GCSCs, the expression of EMT markers were determined. 
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During EMT, epithelial cells lose many of their epithelial characteristics, such as the expression of E-cadherin and ZO1, and instead, acquire properties that are typical for mesenchymal cells such as the expression of vimentin. DAPT treatment inhibited the expression of Notch1 signaling pathway members and its downstream target Hes1, which reduced Snail expression and impaired EMT in CD44 + cells: These results were in accordance with other previous studies (28, 29) . It has been proposed that transformed epithelial cells may activate embryonic programs for epithelial plasticity and switch from sessile and epithelial phenotypes to motile and mesenchymal phenotypes (30) . Therefore, the induction of EMT may lead to the invasion of surrounding stroma, intravasation, dissemination and colonization of distant sites (31) . Under the CSC hypothesis, sustained metastatic growth requires the dissemination of a CSC from the primary tumor followed by its reestablishment at a secondary site (32) . In EMT, cancer cells acquire the ability to invade the surrounding microenvironment and, thus, may lead to relapse and metastases (33) .
The findings of the present study support the idea that the CD44 + population in human gastric cancer possess properties of CSCs and corroborate the CSC hypothesis. In addition, the role of the Notch1 signaling pathway in GCSCs was demonstrated and inhibition by DAPT was shown to impair properties of GCSCs and the process of EMT. In the future, clinical investigations are needed to confirm these results and to establish DAPT as part of the treatment for gastric cancer patients.
